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(54) ACTIVE PIXEL SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image sensor having an extended 
maximum detectable signal level and a dynamic range while holding the reading 
of low noisecompact pixels and simple and low frequency. 
SOLUTION: The active pixel sensor is provided with a photodetection part(PD) 
52 connecting at least one pixel to a reset gate(RG) and a comparator 54 
connected to the PD 52 and capable of regulating a threshold and constituted so 
that when the comparator 54 determines arrival at a prescribed thresholdstored 



electric charge is read out as a discrete value and the read discrete value is 
directly converted into digital display. 



CLAIMS 



[Claim(s)] 

[Claim 1]An active pixel sensor which has two or more pixelscomprising: 

A photodetector with which at least one pixel was functionally combined with a 

reset device. 

A threshold level combined with said photodetector. 

A device in which a time of said photodetector reaching said threshold level is 
shown. 

An analog detector which interfaces a signal of said photodetector with a signal 
bus. 

[Claim 2]The active pixel sensor according to claim 1 with which said device is 
further provided with a comparator connected to said threshold level. 
[Claim 3]A photodetector with which it is an active pixel sensor which has two or 
more pixelsand at least one pixel was functionally combined with a reset deviceA 
threshold level combined with said photodetectorand a device in which a time of 
said photodetector reaching said threshold level is shownAn analog detector 
which interfaces a signal of said photodetector with a signal busAn active pixel 
sensor with which it has a means to determine the number of times to which said 
photodetector reached said threshold leveland said photodetector is reset 
whenever said device shows that said photodetector reached said threshold level. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the image sensor based on a 
semiconductor. 

More specif icallyit is related with the image sensor whose dynamic range 
increased. 

[0002] 

[Description of the Prior Art]APS (active pixel sensor) is a solid (solid state) 
imagerand each of that pixel generates the electric charge from which these are 
changed into voltage or current including an optical sensing means and other 
active parts. A signal shows the light volume which enters into pixel photosite. 
The dynamic range (DR) of a imaging sensing device is typically specified as a 
ratio to the effective value noise level (sigma n0 ise) of a sensor of the effective 
maximum detectable signal level called a saturated signal (V sa t). This is shown in 
the formula 1 . 
[0003] 

Formula 1 : Dynamic range = the image sensor device which accumulates the 
electric charge generated by incidence photon like a V S at/sigma n oise charge 
coupled device (CCD)lt has a dynamic range restricted in given photosite with 
the charge quantity (V sa t) which can be collected and held. For examplethe 
charge quantity which can be collected and detected within a certain pixel is 
proportional to pixel area to arbitrary given CCD. The electron numbers which 
show Vsat from this to the commercial device used by a megapixel digital still 
camera (DSC) are 13000 to 20000 order. Incident light is dramatically brightand if 
many electrons are generated from the quantity which can be held in a pixel or a 
photodetectorthese excess electrons will be pulled out by the blooming 
prevention means in a pixeland it will not contribute to an increase saturated 
signal. From thisa maximum detectable signal level is restricted to the charge 
quantity which can be held in a photodetector or a pixel. DR is restricted by 



sensor noise level sigma n0 ise. For the restrictions in Vsatmany researches are 
done about CCDand sigmanoise is reduced even on the very low level. DR of a 
typical commercial megapixel DSC device is 1000:1 or less. 
[0004]The same restrictions about DR exist also about an APS device. V sa t is 
restricted by the charge quantity which can be held and can be separated in a 
photodetector. A superfluous electric charge is lost. This point becomes a still 
more serious problem compared with CCD in APS. This is for the low-voltage 
supply for the active parts in the APS pixel which restricts an area available for a 
photodetector used with an APS deviceand a clock. In additionsince the APS 
device has been used in order to provide the image sensor system on a chipA 
timing circuita control circuitan analog-to-digital conversion circuitetc. not existing 
exist in CCDand digital one and analog circuitry which are used with these APS 
device serve as a far high noise source compared with CCD. This is based on a 
bigger time noise and the quantization noise which may be generated from an 
analog-to-digital converter on chip. 

[0005]U.S. Pat. No. 5650643 (KONUMA) published to KONUMA is teaching the 
device which can be used since the dynamic range of a solid image sensing 
device is increased. KONUMA shows the means to which an effective V sa t level 
is made to increase by measuring the time needed in order to incorporate the 
comparator and counter relevant to a photodetector and to reach an 
accumulation signal threshold leveland providing this as an only sensor output. A 
counter is used in order to determine the number of the counter clock cycles 
taken for a comparator to reach the signal level supplied to the comparator input 
with the comparator. This device provides only the number of these counter clock 
cycles as the output relevant to a photodetectoror a signal value after that. 
[0006] 

[Problem(s) to be Solved by the lnvention]According to the disclosure of 
KONUMAa dynamic range increases by increasing V sa t effectivelybut this 
approach has some problems. 

[0007]lf a counter and a comparator are provided in the 1st at each pixelthe 



number of parts in each pixel becomes very largeand the file factor (fill factor) 
becomes [ whether it becomes a small pixel and ] a pixel of very big size. This 
approach is not realistic if the present maximum small size-like (feature) size in 
the state of the art of semiconductor technology and the necessity of receiving 
the image sensor of low cost by a small pixel are taken into consideration. 
[0008]lt is a counter value over time required for the 2nd in order that the output 
of each pixel may reach a given thresholdand the analog output value over the 
actual charge quantity accumulated with the photodetector is not included. In this 
approachalthough an effective V sa t level increaseseffective DR will be restricted 
by the time period of a counter clock or accuracyand the size of the counter. For 
examplea dynamic range is expanded to 10 bits noting that the master clock 
cycle of 1024 pieces is applied to desired exposure timewhen the counter has 10 
bits or 1024 counts. If desired exposure time is 100msecthenthe counter clock 
cycle must be less than 97.6microsec (<=97.6microsec). If it is going to expand 
DR to 20 bitsa 20-bit counter is needed and it will be necessary to make counter 
clock frequency to the exposure time of 100msec larger (> 10.5 MHz) than 10.5 
MHz. Reduction of exposure time will need a quicker master clock so that it may 
correspond to it. For exampleif the exposure time for 1 / 60 seconds is desired or 
needed when acquiring an image under bright sunlight outdoorsin order to 
quantize 20 bitsa 63-MHz master clock will be needed. In order to provide a high 
dynamic range by a typical exposure conditionit is clear that a very quick counter 
clock is needed. In order to integrate this in a pixel as the number of bits in a 
counter becomes largea bigger area will be needed and an increasingly big pixel 
will be generated. A typical counter needs 4-8 transistors per bit. From thisa 20- 
bit counter needs 80-160 transistorsand serves as larger (> 40 micrometers) 
pixel size than 40 micrometers in a 0.35-micrometer CMOS process. In additionin 
this approachin order to acquire the output value over each pixelit is necessary to 
reach the threshold level by which all the pixels in an image sensor were 
programmed. Probablyvery long exposure time is needed in order to make the 
dark field in a scene reach a threshold level according to thisif a threshold level is 



close to Vsat. Although exposure time can be reduced by programming a 
threshold level to a very low valuenowthe accuracy of the information on the very 
bright field in a scene will decrease. These fields are because a threshold is 
reached in the very short time period. 

[0009]According to the approach of KONUMAin the brightest light leveldata is 
quantized [ 3rd ] more. This is shown in drawing 2 . By seeing effective light 
measurement how calculated from the time to a thresholdhe can understand this. 
[0010]Supposing the time quantity (tr) which will be needed by the time it 
reaches a threshold (Vt) is known and sauce is constant in measuring timethe 
light volume in arbitrary time (\wi) is calculable. Expression of the extended active 
voltage (V ex t) is given by the following formulas 2. 

[001 1]Formula 2: In the V e xt=VT and ImAt discrete systemvariable time tr will be 
measured with the quantized unit which is shown in the formula 3. 
[0012]Formula 3:tT=tM-cv/MaxCv cv is the quantized integer code value hereand 
MaxCv is a code value corresponding to cv value in tM. The formula 4 will be 
obtained if formula 3 ** is substituted for the formula 2. 

[0013]Formula 4: If V e xt=V T and MaxCv/cv drawing 2 are referred toa code value 
(cv) means infinite light in 0. The first measurable quantization is the maximum 
and is between cv=1 and cv=2. The quantization to an 8-bit linear system is 
0.0039and this is smaller than the formation of a minimal-dose child in the 
method by the time to the threshold explained to KONUMA. 
[0014]Supposing it pursues the time to a threshold outside a pixel array to the 4th 
using a single counter and comparatorln order to perform quantization detailed 
enough to the extension of a dynamic range as a sampling frequency small 
enough for every pixeleach pixel must be measured at an extremely high rate. 
For examplesuppose that 10-bit quantization is required and an image sensor 
has 1 million pixels [ desired exposure time ]. If desired exposure time is set to 
100msecto the programmed threshold levelfor every 97.65microseceach pixel 
must be accessed and must be measured. This means that it is necessary to 
sample 1 million pixels for every 97.65microsec. This needs the pixel sampling 



rate of 1 pixeli.e. 10.24 GHzevery 97.65 pico seconds. As for a means to perform 
thisthe field of APS or other image sensor devices has not been anywhere 
indicated by KONUMAeither. 

[0015]At the endthe given output value is time. In order to reproduce an 
incidence image from this output (that isa signal level is determined)it must 
extrapolate by multiplication from time value. This degrades the effective noise 
level of a sensor. The value t is used in order to measure time until the voltage v 
(t) reaches a threshold. The signal VPD (t) shows time accumulation of the 
photon in which some Gaussian addition noises of standard deviation sigmaV 
were added. The person skilled in the art can show that the noise in the extended 
voltage domain (sigmaext) relates to the addition noise as shown in the formula 5. 
[0016]Formula 5:sigma E xt=2sigma v tMand V T 2 /tr (V T 2 -sigma v 2 ) 
If tM is always larger than frit turns out that the value of sigma&ct is always larger 
than sigma v . A device which provides low noisesmall pixeland V sa t extended 
while simple and having continued maintaining read-out of low frequencyand a 
dynamic range in conventional technology from the above argumentAnd 
probablyit turns out that the necessity over the means which quantizes the 
extended voltage signal remains. 
[0017] 

[Means for Solving the Problem]This invention an analog signal level in which 
both time which will be needed by the time it reaches an electric charge 
accumulated into (1) photodetector and a signal level by which an inside of a 
photodetector was programmed in an above-mentioned problem in conventional 
technology is shownExtended dynamic range APS of a small pixel provided 
without the necessity of forming a counter in each pixelAnd it conquers by 
providing extended dynamic range APS which provides both signals which show 
the number of times which reached an analog signal level in which an electric 
charge accumulated into (2) photodetectors is shownand a threshold level by 
which a given pixel was programmed within accumulation time. 
[0018]According to a 1st embodimenta SUTOREJI capacitor is contained in each 



pixel and this is connected to a global voltage bus which supplies voltage 
depending on time to a pixel array. A SUTOREJI capacitor in arbitrary given 
pixels will be separated from a time-dependent voltage busif a signal level in a 
photodetector reaches a programmed threshold level. Voltage stored in a 
capacitor shows time which will be then needed by the time it reaches a 
threshold level by which the pixel was programmed. A pixel also has a read-out 
path of a photodetector signaland can read both an analog signal which shows 
time to a thresholdand an analog signal which shows an electric charge 
accumulated into a photodetector at the time of an end of desired exposure time. 
These two analog signals are used jointly and an extended dynamic range is 
provided. It is not accumulated into a pixel but the counter can make a pixel small 
practical. 

[0019]A new concept is providedand in order to determine a valid signal level in 
each pixelit becomes unnecessary to perform multiplication extrapolation from 
time value according to a 2nd embodiment. Although this technique is provided 
with a photodetector analog output busit has an additional function [ say / 
determining the number of times which reached a threshold by which a given 
pixel was programmed instead of time needed by the time it reached a 
threshold ]. This is performed by having in a pixel a signal which shows the 
number of times which resets a photodetector whenever it reaches a threshold 
by which a photodetector was programmedand by which a photodetector was 
reset during the accumulation. 

[0020]This invention has the effect of extending a dynamic range of 
APSmaintaining small pixel size and a low noise. These embodiments do not 
need a big counter in a pixelbut also provide read-out of an analog photodetector 
signal of a low noise. This provides an extended dynamic range sensor efficient 
in area which it is only needing a very simple automatic exposure signalor does 
not need an automatic exposure signal. 
[0021] 

[Embodiment of the InventionJThe person skilled in the art in a pertinent art will 



understand that new sensor architecture can use other arrangement like a linear 
sensor to the sensor arranged at the array which has a y line x sequence 
preferably although. 

[0022]A new APS pixel and sensor architecture provide the extended dynamic 
rangeconquering restriction of conventional technology. Reference of drawing 3 
will provide the new pixel architecture which provides a high dynamic range 
sensor. In this architecturethe pixel 50The reset transistor which has 
photodetector PD (typically photograph DAI DO) and reset gate RGSource 
follower input transistor SIGthe line selection transistor which has the line 
selector gate RSGA comparatorthe bus Vpr which provides one input of a 
comparator with a volt inputthe 2nd source follower input transistor 
M1SUTOREJI capacitor Cslt has the switch M3 which connects to a time- 
dependent voltage bus the bus Vtime which provides a SUTOREJI capacitor with 
the time-dependent voltage signal V (t)and a SUTOREJI capacitorand the 2nd 
line selection transistor M2. The 2nd input to a comparator is connected to the 
photodetector. This pixel operates as follows. The timing diagram figure of 
drawing 8 is referred to. FirstPDa comparatorand Cs are reset by the 
predetermined level by impressing a required signal to RGVprand 
Vtimerespectively. At this timePD is empty functionallythe outputs of a 
comparator are "0" logic and Cs is connected to Vtime. Acquisition of an image is 
started in time tO. Incident light generates a photoelectron in a pixel and these 
are brought together in PD. The voltage impressed to the plus input of a 
comparator approaches Vpr and the switching level of a comparator as the 
electric charge accumulated in PD52 increases. Voltage-level V (t) in Vtime 
changes as time passes. If the threshold with which electrons enough bright input 
light and enough within the accumulation time Tint were generatedand the VPD 
(t) signal was impressed to the comparator 54 is exceededthe state of the 
comparator 54 will change and SUTOREJI capacitor Cs will be separated from V 
(t) impressed via Vtime51. It is still V (t) in t=Tint in which the voltage level which 
pixel SUTOREJI capacitor Cs was in floating nowand was finally impressed to 



Vtime51i.e.the electric charge accumulated in the photodetector 52exceeded the 
threshold supplied to the comparator 54. Reference of drawing 9 shows the case 
of three bright pixels. The pixel a is brighter than the pixel band its pixel b is 
brighter than the pixel c. The trip of the comparator to the pixel aband c is carried 
out to different timingand it generates the different voltage VCs stored in each 
SUTOREJI capacitor as shown. 

[0023]The luminosity of incident light is not enoughwhen PD voltage level does 
not exceed a threshold levelthe state of a comparator does not changebut Cs is 
connected to Vtime. This is shown in drawing 10 . At the time of the end of 
desired accumulation timea party is read at once by impression of the 
predetermined RSG signal to a line with each suitable pixel of a sensor. If the 
comparator has not carried out a "trip"the transistor M2 carries out a turn-offand 
a time output sequence bus is pulled to the low voltage by a source follower load 
transistor the whole sequence which is connected to a time output sequence bus 
and located in the pars basilaris ossis occipitalis of a pixel array. If the 
comparator is carrying out the tripthe transistor M2 will carry out turn-onand a 
time output sequence bus will become the voltage proportional to the voltage of 
SUTOREJI capacitor Cs. This is interpreted also as logic "1 ." If the comparator 
54 to the pixel 50 carries out a tripthe value of SUTOREJI capacitor Cs will be 
read and recorded through a time output sequence bus. If the comparator 54 to 
the pixel does not carry out a "trip"the value of the signal level to the 
photodetector 52 is read and recorded through a signal output sequence bus. 
Read-out of these analog signals that show the time to a threshold or the signal 
level in a photodetector can be performed by the same method as the thing to 
APS of conventional technology. 

[0024]Since the pixel in the bright field of an image has an analog signal which 
shows the time of reaching a signal level with the pixelthe effective PD signal 
level of the bright field within an image is checkedand the details relevant to 
these bright fields are maintained. Effective PD signal value V ex t in this pixel can 
be calculated as shown in the chart of drawing l and it is determined by the 



relation shown in the formula 2. At this timeV T is a PD signal value in case Cs is 
separated from Vtime and V (t)tM is accumulation time or exposure timeand tr is 
time needed since that pixel reaches Vt. tr is calculable by taking the reciprocal 
of V (t) function impressed to Vtimeas shown in the following formulas 6. 
[0025]Formula 6: t T =V" 1 (t) 

In additionsince there is read-out of the analog signal value of the photodetector 
about the pixel in the low light volume field of the scenethe details of a dark field 
are also known and are acquired. If it assumes that the 8-10-bit image data 
relevant to the bright field of the image existsand the 8-10-bit image data relevant 
to the dark field of the image existsThese two-set image data can be connected 
and a total of 16-20-bit scene detailed information can be provided. The sensor 
which has a thereby extremely high dynamic range is obtained. 
[0026]read-out of the level of SUTOREJI capacitor Cs to the pixel to which the 
trip of the comparator 54 was carried out - in addition -- or please also care 
about that it can be parallel to the read-outand the level of the photodetector 52 
can be read. Therebytwo available data values are provided from the same pixel. 
Time until one data value reaches the threshold impressed to the comparator 54 
is shownand the data value of another side shows the signal accumulated within 
the photodetector 52. These values can be used in cooperation and a function 
like a calibration can be performed. For exampleif a threshold level is set to 50% 
of Vsat of a photodetectorthe signal from Cs and PD to the pixel which reached 
75% of Vsat can be compared and usedand the exact calibration of the signal 
which shows the time to a threshold and the charge quantity in PD can be 
performed. 

[0027]Other embodiments of this pixel architecture are shown in drawing 4 . In 
this casethe comparator in a pixel is removed and it is transposed to overflow 
gate OG and the floating diffusion area which adjoin PD. The threshold bus Vpr 
is connected to OG and the floating diffusion area is connected to the input of the 
switch M3 between V (t) and Cs. In drawing 4 Cs is the input capacitance of the 
transistor M1 simply. Operation is performed like what was explained to the pixel 



of drawing 3 . FirstPD and FD are reset. FD becomes close to VDD nowturn-on of 
the switch transistor M3 is carried outand it connects Cs to V (t). The potential of 
the field OG's lower part is controlled by Vpr. If accumulation progressesPD will 
begin to collect photoelectrons. If the potential of PD exceeds the potential of the 
field OG's lower part with the electron number in PDthe photoelectron generated 
too much will flow into FD through the field of OG's lower part from PD. If the 
potential of FD becomes lower than the threshold voltage of M3 with the electron 
number in FDthe turn-off of M3 will be carried outandtherebyit will separate Cs 
from V (t). Herethe voltage stored in Cs shows lapsed time until it reaches a 
predetermined signal level. According to this embodimentthe pixel of six 
transistors is providedwithout using a counter and a comparator. Therebythe 
pixel of a small pitch becomes possible by a high file factor suitable for the 
application of the digital still camera for consumers. 

[0028]A 3rd embodiment of the same concept is shown in drawing 5 and drawing 
6. In this caseseparate PD is formed and PD for deciding on the time to a 
threshold is made. This is called PDt. At the time of a start of operationboth PD 
and PDt are reset by the predetermined levelrespectively.lt is connected to the 
gate of the 2nd reset transistor M4and the programmable threshold bus Vpr 
controls the level with which PDt is reset. If accumulation progressesboth PD and 
PDt will collect photoelectrons. If the potential of PDt becomes lower than the 
threshold voltage of M3 with the electron number in PDtthe turn-off of M3 will be 
carried outandtherebyit will separate Cs from V (t). Herethe voltage stored in Cs 
shows lapsed time until it reaches a predetermined signal level. The charge 
quantity needed in order to make potential of PDt lower than the threshold 
voltage of M4 is controlled by the level by which PDt is reset. The amount of 
photoelectrons in PD is read by the method explained previouslyand the signal 
level which shows the electron number stored in PD is given. By designing the 
size and capacity of PDt appropriatelytime until it reaches threshold tr can be 
certainly shortened rather than desired accumulation time tM. The pixel shown in 
drawing 6 is the same as the pixel shown in drawing 5 except for the point that 



Vpr is connected to the drain instead of a gate of the reset transistor M4. RG of 
M4 is connected to the same signal as RG to reset transistor #. The reset level of 
PDt is controlled by voltage too impressed to Vpr. 
[0029]Other embodiments of this same concept are shown in drawing 7 . 
According to this embodimenta signal sequence output bus is used and the 
signal which shows the time to a thresholdand the signal which shows the 
electron number stored in the photodetector are read in order. A pixel 
Photodetector PDtransfer gate TGfloating diffusion area FDIt has line selection 
transistor RSGt which reads the reset transistor which has reset gate RGand the 
signal which shows the time to a thresholdand line selection transistor RSGa 
which reads the signal which shows the analog electric charge in photodetector 
PD. FD is designed operate as a photodetector. Operation of this pixel is 
produced as follows. It is resetwhen first both PD and FD carry out turn-on of RG 
and TG and it impresses VDD to Vtime. At this timewhen the turn-off of TG is 
carried out and Vtime impresses the 2nd predetermined signal level to Vpr in the 
state of VDDthe level of FD is separately resettable. Accumulation is started by 
carrying out the turn-off of RGand impressing V (t) to Vtime after that. Both PD 
and FD begin to collect photoelectrons. Since the level of FD is over the 
threshold of SIGaSIGa functions as a switch which connects V (t) impressed to 
Vtime to Cs which is the input capacitance of SIGt. When the potential of FD 
becomes lower than the threshold voltage SIGa with the number of 
photoelectrons collected in FDthe turn-off of the SIGa is carried out and the 
voltage level stored in Cs comes to show the time to a threshold. At the time of 
the end of an accumulation periodthis sensor is read by reading the signal level 
which set RSGt as high and was stored in Cs. FD is reset by carrying out turn-on 
of RG and setting Vtime as VDD after that. In order to provide by this the reset 
level for read-out which led SIGt and to cancel source follower offset of a 
pixeldifference read-out of the signal which shows the time to a threshold is 
provided. Since FD is reseta reset level is read by the source follower SIGa by 
carrying out the turn-off of the RGStand carrying out turn-on of the RSGa. After 



thatthe electric charge in PD is transmitted to FD by carrying out the strobe of the 
Tg to one and OFF. And the signal level of FD is read via the source follower 
SIGa. Therebycorrelation double sampling read-out of the analog signal level of a 
photodetector is provided. 

[0030] Please care about that it can be set up by a system so that it may be 
programmable and the threshold by which Cs is separated from V (t) may 
provide optimum performance. In additionthe time-dependent voltage signal V (t) 
impressed can be set as the transmission (transfer) function of arbitrary user 
regulations which extend a dynamic range furtherand quantization of a time 
signal can be managed. For exampleV (t) can be made into a logarithmic 
function and expansion of the illuminance range recognized in the bright field of a 
scene can be provided. In additiontwo or more Vpr signals or signal wires can be 
providedand a separate programmable threshold can also be established to each 
color pixel in an image sensor array. 

[0031]Since the time value which will be needed by the time it reaches a 
threshold level is memorized to the bright field of a sceneall the details relevant 
to these bright fields are maintained. Since the analog signal value over the low 
light volume field of a scene is knownthe details of a dark field are known and it is 
acquired. The sensor which has a thereby very high dynamic range is obtained. 
Supposing there is 10-bit temporal data and the remaining analog signals 
(namelyvalue which did not exceed the threshold level of the comparator) are 
quantized by 8-10 bits8-10 bits of measured signals will be extended exceeding 
Vt. It should care about again that the threshold of a comparator can be set up 
by a system so that it may be programmable and optimum performance may be 
obtained. 

[0032] It differs in that it is said that they ************** (1) counter using the output 
of the comparator 54and reset (2) photodetectors as shown in drawing 1 1 
although other means to attain the high dynamic range of an APS pixel are the 
same as that of what was explained above. According to this type of 
embodimentthe counter value relates to each pixel. At the time of the end of the 



accumulation time for frame acquisitiona counter value is read via a digital output 
bus. The value shows the number of times reset by a photodetector filling a 
threshold level. Although the output voltage of a photodetector is read via an 
analog output busthe value shows the charge quantity collected after the 
photodetector was reset at the end. The full power value of a pixel applies the 
voltage in the photodetector from an analog output bus to the number of times 
which reached the threshold by which the pixel was programmed then. For 
examplesuppose that the programmed threshold level is 500 mV. A very bright 
field may have the counter value 1245 and 300 mV of analog outputsthe field 
where it is not so bright may have the counter value 100 and 100 mV of analog 
outputsand a gloomy field may have the counter value 0 and 200 mV of analog 
outputs. In that caseoutput voltage is calculable using the formula of a 
Vout=(counter value) (500)+ analog output value. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a graph which specifies the variable used in this invention and 
provides conventional technology and the extended dynamic range in this 
invention. 

[Drawing 2] It is a diagram figure which illustrates the quantization defect of 
conventional technology. 

[Drawing 3] It is a diagram figure of the pixel architecture of the suitable 
embodiment of this invention. 

[Drawing 4] It is a diagram figure of the pixel architecture of the suitable 
embodiment of this invention. 

[Drawing 5] lt is a diagram figure of the pixel architecture of the suitable 
embodiment of this invention. 

[Drawing 6] lt is a diagram figure of the pixel architecture of the suitable 



embodiment of this invention. 

[Drawing 7] lt is a diagram figure of the pixel architecture of the suitable 
embodiment of this invention. 

[Drawing 8] It is a timing diagram figure of operation of the pixel shown in drawing 
3- 

[Drawing 9] It is a timing diagram figure of operation of the pixel shown in drawing 
3. 

[Drawing 10] It is a timing diagram figure of operation of the pixel shown in 
drawing 3 . 

[Drawing 11] lt is a diagram figure of other pixel architecture embodied by this 
invention. 

[Description of Notations] 

50 A pixel and 52 A photodetector and 54 A comparator and PD 
PhotodetectorRG -- a reset gatea RSG line selector gatea SIG source follower 
input transistora Vpr busa Vtime busCs SUTOREJI capacitorand M1 - the [ the 
2nd source follower input transistor and / M2 ] - the line selection transistor of 
twoand M3 switch. 



(i9)H*www (j p) (12) & Ifl 4$ HF & # (a) (immm&Mm 

#812001-8101 

(P2001-8101A) 

(43)&gBB ¥l£l3*P 1/I12B (2001. 1.12) 



(51)IntCl.' MMB* FI f^a-W**) 

H0 4N 5/335 H0 4N 5/335 E 

P 

H0 1L 27/146 H0 1L 27/14 A 



(2i)mH## 


&H2000-137372(P2000-137372) 


(7DUISA 


590000846 










(22)ffiK0 


¥^12^ 5^108(2000. 5. 10) 




T*V*&m®, -^-3-^14650, n 








fiX?-, Xr-f h Xh'J-h343 




0 9/3 1 1 5 2 9 






(32)«ifcB 


¥f£ll¥5m3B(1999.5.13) 






(33)ffl$fcffc£gH 


*B (US) 












U— 28 






(72mm 


















7,9- T>V5-X H5-f^ 460 






(74)ft8A 


100075258 








jm± Wffl W- (^2«) 



(54) \5mo)%m 7fx^^e^-fe;Wr>U- 



(57) [sni 

pj«g{I^u^;u (v S at) atfy-f^-sy^uv^** 

h R GK£££tlfcft«aja5P D 5 2 ftSfflS 
f&Sltc J; y ffi£©gHBfcji Lftt*t«JEU c tiK. <fc 




(2) 



&M2001-81 01 



<!:, 

[fi*«2] SulBSMfi^SulBgafflU^^lcJSigcJ+ifc 

[»*H3] 8&©e7-fe;b*rf£7'77 i 'f7'e7 
U-tr-y hBBU:«BttU:B£*ftfc31fi«HJSfc» 
BIB^aJSffffiEBfflU'WfcB Lfc£ **3W»B 

WEflfiBBSffBIBBBU'Wlca Ltc.mfe : £S.*% 

yh#ti«* 777 L -r7fcf7-fe/U-fe>+J\, 
[BEOPMfflSiWB] 

[000 1] 

wvfXDmtzmtim *B4iu* *ww«£B-3<-r 

V 7 U V5;#Jt Lfc-f^-vf-b V9-(=BT *. 
[0002] 

[ftfcCDSffi] APS (7^T-f^WtJMrW) 
Hi* (V'Jy KXx-h) -f*-5*+TB-3T. 

BEXttB»t!:Mft*ti**B*4BT*. fl 
mt. kf7-fe/U7* h?-T hfcAttftftBBB?. -f 
;><-i>y7Mr>$/>7gB©7^S-y7U>-7 (D 

r) & BBBtcufinBB (Vsat) £PW*ft*B» 
Bissau ptbb*u^/u©, •bv+KDBJWiy-i'Xu^ 

^ (^noise) KWTBttfc LT«B*ti*. Cfttt* 
BIlcBtfti*. 
[000 3] 

31 : $r-T*5y* U>^=V S at/anoise 
fSBBoB? (CCD) ®J:5fcAB7* KVlcfc-aT 

^*ftfc«»*B«T*-f m-5 

<D7* h+f--r hrtfcBBMoBBStiSC 
BB (Vsat) !CJ:oT«B*n*4f-r^Sy^UVS? 
*BLT^«. Mlf, ««©RlT40CCDtt*tLT. 
£ 5 t?7 -toH* "PBBfloBtH C i SBB 



HrVflUttlMl*? (DSC) TBBSftiBBB 
B(C*t LT» Vsat SaVTBTfttt 13. 0 0 OBfr 
6 2 0, 0 0 0B©*~^»*. AI43W#B»£B« 
<, e7*JbRtt3W^BWfc«»?**BJ:yB<© 
B?*tflW*i» cftSflM»JB?t4e7-fe;l/fl©7 
ib- = >7"K±#Stc<fcoT5l*aj*tu BttBnffiB 

ici*»4Lfti\ ctucu. B*aia?rttB*u^b 

3^BBXl*e7*jl/Wc«»Sti*E 
BBBKMBSfrS. DRti, -tV^y-fXl/"^!/* 
„oisefc«fc-3Tt»BB**l*. Vsat fc&ttBttBQ 
fc#>fc, CCD (cm LT#X ©WSEtffrtotlT^T, a 
noise**Bl=fi^U^Hc*TB6 LT#Tl*B. B 
SaWfcBB*#fc?7-b;UDSC$SBM\ DRtflOO 
0 : 1 

[0 0 0 4] DRlC-Pl>TO|5lL:SiJ^*\ APSgSlC 
o$M*ft*c£tf?**BBBU:J:-9TMB**i*. 

aiifcB»i*j&b*i*. coai*. apskbi*ti*c 
cDtcJt^TBteBSifcBfiteS*., cna, tt&tus 
o^BicfyBBBBni«*jnr« aps tr^-is/n*© 
mmm&corcist), stfAPsgBT^^ti^BfiE-t 

y5-ratf^Qv^©fc»T**. MjtT> APSgS 
ttf 1 » 7±<D-< y - 5M» V+f 5/ 7 t £ fcttlc 

Bffl**lT*fcfl>?» CCDfclMMEUfct^-rSV? 
SB, MPBB, x^l/SBIUBBtfSS 
U CftS A P SSB?«B?ti«7 ; *:'*Jl'&tf7^n 
TlslBft. C C Dlctt^TliSftHcB^y-fXBafeBi: 

a*. c*u*» *y***Bn/'fX, Kitty**? 
«^ky-rxic<fc5o 

[0 0 0 5] a7Ttc»UTBff*tift«B»BB5. 
6 5 0, 6 4 3^ (H7--7) tt, Btt-f 7-fe>->V 
*8B©$r-f *5 ■> 7 U>5Wrfc4MC«B7***B 
B««5*LTl^*. 37714, JfeBBSfcBBLfcittS 
SS<t2>7>7 iBBM^-PBBBBBBU^/l/KBB 
r*fe»K«Bt * ti*BB*tfB U eft**-©* 

«Bfll««%#B«^LTi^. *7>^tttkRS<!:ft 

ic, wBBA^K^aesrtifcB^u^uicikBBtfa-r 

SBWCBUfca^V^oy^BBflDttBBSTSfc 
ay^BBoa©**, yfiBBSlcBBLfcffl^Xttfl 
[0006] 

IBBtfBBLJidirSBW a?7<0BSWSJc* 
tltt\ V sa t*S(jmWlctiJ)P-r*Ci:lc < fe-pT^'rtS 
7 \sy~/tMmt%h\ C©3»XP-^ttBotlH0B 

[0 0 0 7] Bite, Se7-b;W<:2j7V*&tfJ±i$S& 
tnt«^M Stf7-tr;U(cfclt5g|5D D aia*^lc 



(3) 



¥#1182001-8 1 01 



*#<£»A y-<)l77<?Z (f i I I facto 
r) &>bi^&H>MC%Zt\ X© 
WMMzte, z.<D77a-?tt, ^mtertsaV 

-(D&®*miz]SV%mi±<Dm<hmtt (featur 
e) *MX, Stf^I^^l/TffliPXh©^ 

[0 0 0 8] &fcf?-fe;l/©iii7Jfcl\ Bt5©BB 

*©BMfl»Xtt«S. atfaOVSatMXlCfc'JB 
B**i*?*S9. 1 0^ HXti 

1 0 24*^>h^#LTl''?.<!:. 1 024{i©TZ* 
*Dy*Bffli^B©BaiBISfcSTttSSi:LT. 9 

ff tfj^Hiltf 1 0 0ms e cT«tl(#» ZVtZlZittiV 
V*9ny9Bm&.97. 6(Jsec«T (^9 7. 6 
Msec) tttUf S S*t\ D R £ 2 0 tf h £T 

U % 100msec©lHl»»t5* , )>5i'P'y 
fH»a*10. 5MHzJ:y±#< (>10. 5MH 

z) ?3#b#£3?s35. BttifcMtf»'i>f*<!:* 

f-tilcjWST* * 5 It. J: »J 8^7* $ * o -y ?#&B 

1 /6 o»©sajB$iHtfS£*i* 

Xli&B£&h.«tt6l& 2 0 tT-y h*B*fbT*fc» 
K6 3MH zC^X^P-y^tf&g^+i*?^ 

3c *Hfi*BHi*fr?K*-r *s * * i/V5*«ww 

Sfca&tett* MBicBi^v^ny^tfi&BtSti 
**<**Jcoihx» cti*£?-trjl'i>9(cB&fk'*'«fc 

£y h3fcy4~8B©l*5V5>X**<8»£*"*. E 
tl«fcy, 2 Ofcf'y h©*'};/*^ 0~1 6 0ffl©h5 
V-^^cU 0. 3 5 pm©CM0S7P-feX 
KfcfT4 0jimJ:y*3V (>40^m) fc^-tr/U^ 
-fX<h&*„ fiOaT, EWT'XP-^T-li. BK*-fejU 

■fl l/^USIPBtcB^fiWcr p 97S.>9?ZZ.£\z 

Cti6©Btt& #BICHIM|IB«BTB« 
[0 0 0 9] S3lc. P5JT©ZXP-^lc<fe5<!:, § 



*o cnttE2lC^*nT^5. ■fl<70BHIA k 6B 
SMttBBtf if © * 5 icf+g* ti« frtJU C £ tc * o 

[0 0 10] BB (Vt) U3W**?te*B£*ti* 
BBB (tT) JtWMPoTMov-XtfBBBB+fc- 
£TB*&T«&5l£ «m©B#F«a (tM) ?©*£££ 

ttincttfT?*. BnstifciratiBE (v ext ) 

[0 0 1 1] 32 : V e xt=VT' tM/tT 
Btt^XTltlcS^TIi, RTSBf F.3 1 tI*> SC3lc^* 
ftSB^flrfrftfcH-f Hc*-3TBS*ft*r** 
9. 

[0 0 12] 33 : tj= tM * c v/MaxCv 
Cu7\ c vUB^$nfcBBP-KB?SU« Ma 
xCvlit HlCfctt* c vBlcfcfJS-fSP- KffiT'S 

[0013] 34 : V ex t = VT -MaxCv/cv 

B2*BBT*i:» 3-kb (cv) ffout. mmn 

*1§m%o B«J©BBRlBa:B^kfl*fc?*oT. 
cv=1icv=2WllC$5. 8lfyhy-7*>7. 

x^idttr ^a^btto. oo39T*$'j> etui, p 

[0 0 14] B4lc. e^-tr;U7UY©^T'm-©*'5 
>*&tfi±fxS§£1f ffl LTBBBTOBBBBBT* <k 

BttftTfcSfT^fcttK. S^-tiUttaBfcKfU- 
hTBBCTittttfitf&ettl*. flJa.fcfx ffiB©BtUB 

bich?ti oe* KoB^bttWPS'J, mo-r* 
-shtvihci oosBotr^-fe^s^tr*. 

©BltiBfF^^ 10 0msec £?%>£* ttf-bHtt. 
XP^7^*tl/cBBU^UC»LT9 7. 6 5/Jse 

tt, 1 0 0^ffl©tf<7-tr;U^9 7. 6 5/js e cSK-t 

>ryv^r*««/WB*c4:*B'»LTi'»*. c:n 

tt, 97. 6 5£3«MlCl£9-feJk r&t>51 0. 

2 4ghz ©tf^-tiU^vxy >^u- h^*ss<b-r 

5, C*l*Bfrt*#«W:* P?Vltt, APSXlifS 
©'T^—^-bV9-BB©»5©ifCtE , t>» ffifr^tlTZ 

[0 0 15] 4x6*XfcttJ73fittB#F^T«5, 

U^UBBBT*) fctttctts BSF^fflA^6^SlJ:j;^T 

*MtL*»tn»*6*t\ cni4» -b>-t©s«iy'rx 
u^;u**<b***. iffv (t) A^FJBicsja-r^* 

PD (t) «*BMaV©«^->7>Wl]Py'rX«! 
»SWD*»t»«W®BB«ftWI*sr. sublet. 



(4) 



$112 0 0 1 -8 1 0 1 



watsnrcWEP^y (<*Ext) fcfitf*/ -txj^ 
iC 5 \c a -^T^ti** => \zm\/-< xizmm ltv* 

[00 1 6] 3C5 : aExt=2 - ay tM* VyVt 
T (V T 2-a v 2) 

titfMU tT*y***^tt"tltf» ffExt©«WSH= 
[00 17] 

tts-taoiwaa*, (i) 3it«ffl»rtK»»**ifc« 

PS, Stf (2) 3*ttffl»«KlMI*tife«W*S-r7 
*n?ffl^U^I/fcm5<De**;U^»iSIBrtfc7P 
^AdrtiftWiU^WcaLfclHllWcmrfll^i:©!! 

[0 0 1 8] Sg 1 4>£WgS?». 3. h + 
fl^Ogg^aj L/C?.*.* LT33 y x gflfflSTro^F^I^ 

T7*p?«^<t#fcaiBrtKii«*ttfcttfi£5vf7 

[0 0 19] |g2<DHffiJTJ»?H\ 8fLl.«ijW«* 

li^tusiz^-p^aiTj/^x^ii^Ti^^ mmizm 
#xp ^ik* titcmmizm Lrc®&z : Aizt % t v 
p^^^jtifcFsBfi^r^/ctftc^aiss^'j -try k 



[0 0 2 0] /Mifcf* HZ/U-ft-fXaifffi/'l' 

mzxzizijtytz&mtM?. is./jxnyta? 

[002 1] 

tt> »*U<ttyfTX?J**r*7l/'fKBB*tifc-b 
[0 0 2 2] SfLUAPSt°'?-b;UStj s -b> H 77-+7 1 

itMi-S'ytisy'JGmm-Zo ms^mmzt. 

Ttt, fcT*-fe/l/5 0«u ^SiajggP D (jttlHica:?* 
KT-f-K) , U-tr-y hy-hRGfcWfSy-tr-yhh 
5V-;>'7.$> V-X7*P9A7jh7>>>'7.^S I G, 
trStR^- h R S G ^ST^tSI^ h 5 V5>X*» i3M 
& «EA**iMSHHW)-oOX*tcllttr*/^Vp 
r, m2<DV-X7*P r 7A73h ; 7V>> , X^MK Ah 
Uv^-WNVSCs. B$Mtt&*E<I4V (t) £7> 
U^*-W\°->'5HC^«T5K7.V t ime, XhUv 1 '* 
+ / <5/* fcBSIMSWIE/ tXfcSWr * X* y *M 3 , 
aif^20^StRh5>v , X'5?M2^<i^T^-5o tbR 

g(c»-r5m20A73«, 3««a»i=»>i**iT^*. 

V<f^7^7^ES#!!8-rS. PD, tb« 

SS, StfCstf, iBSftfl^fcRG, Vpr, RlfV t 
lmelc*tifnWlinr*Ci:K*'3T, m£©U^;l/ 
ICJ-b-y PDMMen(cSTS 
y, Jttfc8§©aj7Jtt TOj CsttVt im 

PD(C*465tl5. PD5 2lcWI**l*m5tflill0r 

iMiOlc^nT* Vt i melCfclt^SEU^l/V 
(t) tfWbT*. A733 l n« i +»tcB^5<T. ftfltQIH 
T i n tfclc+tfft«?tf£fiB?*lTVPD (t) ffi^ 

WisEHDUVboT^ Vt i me 5 1 C^LTOtt^ti 
*V (t) frSZhU5>* + /^*CsiW!jyHS*l 
5. CtlTfcf^-fe/UX h l/v^+ty^^ C s ti^P-T 1 
V^BHBlcay* «^ICV t i me 5 1 icepiP^nfc 



(5) 



f$BB 2 0 0 1 -81 0 1 



j±is£5 4icm£-$nrcmmz®tt t = t i n t icjj 

HZ V (t) El 9 30© 

IE3^t??*;U(D«£A%*ftTl^. tf^-b^a li £ 
? -tub b <fc »J B£5 < , fcf -trJl/ b ti \f.O c <fc »J W% 
l\ ot&M.TI^BJ:3[C> kf?-tr;l/a. b&tfclcft? 
Si£Bg«g&**-rSV-yT*MJ>;'7LT. £7hU 

[0 0 2 3] Aj*tt©IB5*!!H-#T-tt&< P DlEb 

"W#B«U' , oi>**i*fci* <t*tc(*. v&mottmit 

WUSbS^ CsBVt i metC^^tlfc^^TS 

RSGfl^OEPJlDlCfcoTx -S(C-S6TOtiJ5-tl 

^M2A^->*7U V$?$\tifflUWzmm21\T1d 
1 HlVT MOm&KtiLW.? - X 7 * □ 9 ftM 

6^->*>u Bepaai^j/Utt^ h [si/** Jiff 

^tKIRJti^o t^*/U5 0K*ff;5£t&S§5 4tf I-- 

■j 7hu-7*-w?->$c scMitfB^att) 

5"J/a^iiLT^*!l5?nTIE^3'*i.5o *©tf7-b>l/ 
3§ 5 2 Kttt U^K0fli«l*ffl*5U/ a L 

L lis ftfc&ffi© A P S (cat S © £ mmottT'fi 

[0 0 2 4] <f*-~J<OBnZl^j$ i z$sif%¥W\, 
«©«SbPD«#U^Ui«IB**iT» CtiS©W*l^ 

aaKBar*Biie<«iat*ti*. co^-b;w=fc«- 

SffiftP DflreflVexttt* H1©9 1 +-htEjjitf*i* 
* 5 lclW**i* C t -Mf a 2 (CSS n* BfllK 
<fcoTj*£*ft*. VyliCstfVt ime 

stfv (t) #swy«**v5£*<0PD<i#fire« 
y, tMtt^»^xttBdiB$ST*fiy, tTii*©e? 

ViJciir*fc»[CieWi:**i*«IBT**. t t 
lis «TOA6leflt«h«J:9(e« Vt i m e fcBHn* 

#i*v (t) B»0a»»*i:*c£i=J:9TtWT*c 

[002 5] SC6 : tr=V-1 (t) 

attlcB8iILfc8'-l OtTv h4K/— 

U fl^y-5>©Bl>«SU:B»Lfc8~1 Ofcfy h 



■by h©'f;<-?7 r -*«Sls:iT. ft 1 6~2 0fcfy 

y. mmcmwj+s y^uvsJWTi-fcvttWi 

[0026] JtRS 5 4 * HJ y 72 WHMZtj 

ctifcjy, IHi:tf7-b;U^5fiJfflpI^2ocD7 ? — * 
«#s«**i*. -15(09— mit. ibs?S5 5 4icEpjp 
**ifcBfiiicar**Tfl)i»iB*sL» flssox-r 
it* 3ttttffl*5 2«-wMi**ifcfli#*wr. cne© 

fil*ffiPLT«fflLT, + >aV©J:3&« 
K**frT*C HBI^JUflWI* 
itig©V s a t ©5 0%lcRj£;!tl3£Stfs V s a t 
©7 5%(C£Lfce94r;U(Cttr«C s&tfPD&6© 

i^s^rfi^©iEJis*-fr y 7u— > a >^ff 5 c: 

[0 0 2 7] d(Dtf'?Hz;U7'-+x^^a7'<Dffi©IISS 
Bmt)\ 04lc^**iTi>5. ccDii^lcii. t^-b/l/ 
noJtttni^KUIIMMiT. PDWWOT**- 
P-y- hOGi7P-f^ >^HWWttKll*!ft* 
StlTl^o Bf/UVp rttOG(cg«!5-tl, 7P- 
x-rV^ffiitfiJittV (t) tCstOBOj^yfM 
30AA(CSft«tl7^«. EI47lix Cslt *«IC 

tt, 03©tf^-b/Uc»LTBiWLfc i t,Oi:PSia»ctTt) 
ti5o nua&K, PDiFDt#y*7 en 

T'F DltV D D(Cj£i< G:y x T.'T-yf 1 h5WWM 3 
li^-V^-VLTCs^V (t) leJg^-TSo OG©T 
*colS®©lffitt> Vp rKJ:oT*<J8|l**V3, ftSA^ 
]«Ji» P Dtt3W?*«46tti6*. PDF*3CT)t?8U: 

tt«il?TFD'\3Rtl«. FDF«9tT)l?atcJ:-3TFD 
0«fttfM3<!>W«ffiJ:tlft<ftii:. M3li^-> 
*7U CltilcJ:yCs^V (t) »6«u«r. 

©77'J ^- -> a VICS Lfc^7 -C iU7 7 ^^-p/htfy 

[ o o 2 8 ] m vmsom 3 o msmt&tm 5 stna 6 

C©Bd» fflffl©P D<«Brt*tiT, 
BB*7©eB**tf*fc»©PDiW i !5*i*. Cti 
li. potwiih*. IM^OBS&^lciix pdrtjp 
d t a>B#ft ttiftiwsfl!) u^nc y -t y h *n 



(6) 



1 -8101 



7P 9^ b^WMW UVpr lilt 2 CO U -b y h 
h5V5>^^M4©y-HC^*n, PD t*^'J-by 

d t liif^fctttt?***^ P D t fctDVmcJ; 
oTPD t ODlfutfM 3 (OfflfiimEJ: »J fcffi< fc3<t:* 
M3«^-V*7LTs CftK«i:yCs£V (t) frS 

{fi£M 4(DBgfiI11EJ: y *>ffi< r*fc*6l£i»i*ti* 
IMlIt PD ttf'J-by htfft* [/"OWCfcoTIMB 
**l«o P D rtflWtl? S^^tCltt^ Lfc^TBc^iti 

5**0 p d t ©?-f xaif s«*a«icisw-r * z t 
mm t yj: y ti«miess< tz> ztftT-zz, m 6 Km 

£ ft* £9-bjU& Vprtf'J-b»hh5 M 4 

Ts B5te**ftfce7*;U£:PIU?«*. M4©RG 

BB*tiTl^*. P D t © U -b y h L^Jl/tt* *tt »J V 
p rlcam*ft*WElEJ:-3TWW**i*. 

[0029] c on i;B&®tta>£MH$stf b 7 lams 

ftTl^. COBBKBTIi. «*MlMvtt*ttBL 

■TO«S**W£*liHfcBi*lHT. fcf7-b/W;J\ JESS 
tliliPD, h5>7.7 7-y-hTG, 7P-T -<>7' 
itii^SEFD, U-bv hy-hRG**-r*y-ty 

*Rh7>-77*RSG t, 3fc»flBPD««>7**0$ r « 

«*sr«**«*arf5as? k^v^x* r s g a * 

5, UCttlC PD&tfFD0B£#s RG&tfTG* 
LAO VDD£V t i metcEPiPf^Ciilc 
*oTy-fey COt$, TG£$-y*7L 

MO V t imetfVD DtDttfg - ??* 2 (DfJfSOffl^ 
;l/£V p r icEnilP-rSC.ttc.to?, F D<DLX^I/£S'J 

V^LMOV (t) £Vt i melcenSD-rSCttCfc 
oT, ftBtfBtt;*ft«. PD»tfFD©B*#3fc«? 
^*46ji&463« FDCU^UttS I GaODHffl^M^T 
1">*<DT\ S I Gait Vt i melc911lD*nfcV 
(t) £S I G t©A73*-f/«'*>XT > a5*C s(C& 
LTWW*. FDC3lC«»6tl^ 
ft? SSC(C J: o T F D©1K&tfKffiBE S I G a <fc »J fi< 
S I G a 14* -V* 7 LT, CsKSxSftfc 

bei^i^bbstobb****^**. mmm 

B©B7Bfc:» RSGt£h i ghtcRJELTCslcB 
tftfR*ffl*ft*. rg^*->^->ltv 



Cftfc«fcy x S I Gt«9ttfeM*ttiU> 
fcttO'J-b? hL^I/fflHK$tU kf7-b/KDV-77 
*P9*7*y h£*+>-brt/-r*fc4&U\ MffiSTfl) 
Bfl*iii*ffi9©B»R*fflL#a«*ft*. FDff'J 
Hz y h Sft *<DT\ 'J -b y h U"C/M& RGSt^- 
V* 7 LfiO R S G a £ * - £ C <!: K <fc o T> 

y-X7*a9S I GalcJ:^T^aJ5-n^„ ZOlk 

fc, T qttymfty\z7.\-u-yt%z.t\z&r> 

T, PDrtOffi^FDltgS^nSo *ftfr6< FD 
©fl^U^U6' ? y-X77|-P7S I Ga5-5>LTBc*ai 

zftK<fcy* 3i£«aj8©7 , ^P7*«^U'^i/© 
[0030] cs#v (t) 6^«jy«*ti«iaffl^7 

t\ spat, EpjDTrn5i^p^«c#«E<i^v (t) * % 

«©«?fl:*Wir*cttfT**. fl*tf. v (t) 

Tv «»(DVp r«#Xttffl^lS^i6»tT. 7-b 

[0031] miu^wcjir**Tk:iW4:*n*« 
y » s*6TB^y-r^-s y 7 i/vi;t«twv*ftf» 

5n«„ 1 Otfy hOBfllT— Jrtf»ya-3Hy07^ 

fcffl) 3^8-1 Otfy hica?fl:«ti«&r«^ BC 
*nfc«*tt8~1 Oty h^£»*VT*BjlT*63i*n 
5. ttBBflDBBtt^P^^RlBTfty* SStttg* 5 
if 6 ft* <fc 3 lc->7xAlc«t ?TH£Sft3 C t&T'i 

%z\t\z. BtfBB-r^ras*. 

[0 0 3 2] APSt7-b/U©B^'T^5y7L/Vy* 
6\ B1 1(OTx*ft5J:5^ JtKS5 4rosti?D«ffiffl 

lt (D »*v*«-rv*y*>hu mo (2) * 

ttUBSy-ty *tt^jlStfSftoTt^. il©7 
-r70HffiJBWT14, *«>v*«tt*^-b;K=Bau 
Tt^o 7U-AS»fl)fc»0*BBB©«7B^ * 
7>7fil«7 r -77;Utti7JMX^LTK*ai?ft5 0 ; ?" 
©fflttx JtBHJB3WMU^iU*BfeLTy-by f**ft 

fcisiiif^/Tx-ro 3t«itusotii^aE«7 7 tP7'ai7j/\*x 

y-by K*ftT* k 6«i66*ifcBB**a i »r. ^W<!: 



0 0 1 -8 1 0 1 



5-*lfcBSfillc^L/clH]liflc7^-o^dl^/U6^03tSI 

z^fflmt-hiytm 2 4 5st/7^-p^aj^3oo 

7>$ffi1 OOStfZ^-P-^iii^l OOmV^WrSil 
te, Vou t= (*9>*ffi) (5 0 0) +7*P-?ai 

[02] wmm<r)mwtxm*mm-t%?-<7? = 7 

[03] *^©»®*Hfilfl5JI©fcf'>-tr;l/7-*7 1 

[04] *5W3©ra*Mrae©fcr*-teJU7-*y 
$ * a 7<D#>r 7 75 /»BT$%o 



[05] *BW©ffaftllWBtt©e**JU7-*T 
[06] *fSE©»2§&ISM5lfi©i^^l/7-+x 
[07] *^(D»JI%|iaiB®<D^^-b;U7-*7 1 

[08] 03lC^Te**;U0llft®*<5>?*'f 
7^5A@T$5. 

[09] H3»c3Sr^-b;Ufl>IMW)4"f5>^-f 
7?5A0T-35%, 

[010] 0 3 (C/^T tf ? -b;KDfijft<D$ -T 5 > 7# 
<<775A0T**. 

[01 1] *58Wlc*oT'JWIfb*ti*«l©t^"b;l/ 
7-* x * ? a 7©^ 7 75 A0TS *„ 

5 0 bf?-te/k 5 2 3^U«k 5 4 Jtlfltt. PD 
j^ttlSv RG 'Jt7hy-K RSG fiMUf 
-K SIG V-^a-a^Aah^V-?**, Vp 
r /OL Vt ime /tt., Cs XhUv**-Wf-> 
Ml £2(Dy-7.7*P9A2)h5:/v i 'X$, M 
2 »2<Mt»RI*5>$>X*, M3^7f 0 



[01] 



[02] 



[03] 




'Sis* 




(8) 



mmioo 1-8101 



[IH6] [07] [011] 




VCOMP 



VCs 



(9) 



*#li200 1 -8 1 0 1 



[09] 



RG 



Vpr 



Vtime V(t) 
VPD(t) 



VCOMP 



VCs 




II o] 



RG 
Vpr 

Vtime V(t) 
VPD(t) 

VCOMP 
VCs 




